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PRCDOCTICB  and  PROPKRTIES  or  SBC! -FINISHED  TANTALUM 


hollaring  i s  the  translation  of  an  articls  by  Jiri  Vaoak 
of  ths  Research  Instltuta  for  Peawlar  Metallurgy,  Veatsc/ 
Prague,  In  ths  German-language  review  Naus  Hustts  (Nss 
Foundry),  Vol-  2,  No.  11,  Lslpalg,  Novswber  1997, 
pages  692-703*7 

Tantslun,  a  highly  fusible  metal  of  group  V  of  ths  Perlodlo 
Table,  is  an  invaluable  material  in  modern  chemistry,  eleotrotechnios 
raouum  techniques  and  nany  others  beoause  of  its  ohenleal,  phyaicel 
and  teehnologloal  charactarlatlos.  Ductile  tantalum  was  first  pro¬ 
duced  by  V.  v.  Bolten  by  smelting  of  a  small  compacted  block  of 
pure  pandered  tantalum  obtained  by  reduction  of  potassium  fluotanta- 
late  with  sodium,  in  an  eleetrlo-aro  crucible  under  vaouum* 

Due  to  the  high  cost  by  reason  of  the  difficult  method  of  pro¬ 
duction  and  the  small  amounts,  semi-finished  tantalum  was  utilised 
only  very  reluotantly.  However,  increased  production  of  a  suitable 
powdered  tantalum,  introduction  of  powder-metallurgical  techniques 
end  better  knowledge  of  the  properties  of  tantalum  have  aided  in  its 
wider  distribution*  By  1999,  production  of  tantalum  wma  almost 
thirteen  times  ss  high  as  in  1939  Bd  Industrially,  semi-finished 
tantalum  products  are  manufactured  bvaigi taring  her*  of  compacted 
powdered  tantalum  under  high  vacuum  B"w  *  Other  production  methods 
of  the  oospaeted  metal  are  also  known* 

W*  O*  Burgers  and  J.  C*  M«  Basart  BD  few*  prepared  ductile 
tantalum  in  wire  form  through  thermic  decomposition  of  tantalum  pan- 
taehlorlde,  super  sublime  ted  under  vaouua,  on  e  tantalm  thread  heated 
to  2,000°  C  under  continuous  vaouum  in  the  apparatus*  The  authors 
obtained  s  deposition  wire  with  a  disaster  of  1*29  m  within  five 
hours*  The  wire  was  highly  ductile  and  could  be  drawn  out  into 
threads  of  29-50  u,  without  annealing* 


H,  1.  Kohansen  and  J,  A.  May  ££)  reduoed  tantalum  pentach- 
loride  with  magnesium  at  750°  C.  They  removed  the  impurities  from 
erode  spongy  tantalum  by  distillation  at  900°  at  10~3  Torr  within 
four  hours.  The  refined  sponge  was  emelted  down  in  the  electric-arc 
with  a  tungsten  electrode  ir.  an  argon  an'  helium  atmosphere.  Reduction 
gave  a  yield  of  77.5)'.  The  small  tantalum  block  possessed  a  hard 
surface  layer  and  a  soft  core  (HP.c  *  33)  •  The  material  was  suitable 
for  cold  rolling  with  a  10$  reduction  oer  pass  and  a  total  pass  reduc¬ 
tion  of  about  93£«  H,  v,  Zeppelin  J*)j  had  also  reduosd  tantalum 
pentf chloride  with  magnesium  in  ths  presence  of  potassium  chloride 
anti  in  a  closed  steel  Carius  tube  more  than  ten  years  earliar. 

Tantalum  crui  also  bf  prepared  by  reduction  of  tantalum  pen- 
tschlorioe  with  hydrogen  /IQ/  This  process  is  used  far  tantalum 
coating  of  other  metals  but  not  for  production  of  the  metal 

for  further  processing. 

The  utilization  of  tantalum  is  based  on  its  physical  and 
chemical  properties.  High  melting  point,  lew  vapor  point  end 
electron-work  function,  together  with  good  mechanical  properties  and 
primarily  the  ability  for  gas  absorption  (Getter) ,  make  tantalum 
invaluable  in  vacuum  technics.  The  specific  electric  properties  of 
the  cc:_de  film  formed  by  anodic  cxiuation  of  tantalum  are  utilised 
in  electrotechnics.  In  the  chemical  and  pharmaceutic  industry  as 
well  as  in  medicine,  tantalum  is  a  preferred  material  by  reason  of  its 
hi^ti  resistance  to  many  different  rt agent 3,  good  conductivity  of  heat, 
end  lew  thermal  expansion. 

^antalun  is  utilised  for  the  production  of  oiaclnca  tubes  for 
very  short  waves,  in  current-impulse  technics,  for  x-ray  tubes  at 
very  high  tension,  current  rectifiers  end  small  electrolytic  conden¬ 
sers.  It  is  also  used  for  spinning  nozzles,  for  various  refrigera¬ 
ting,  het ting,  ana  eeoomary  steam  installation  for  aggressive  media, 
.section  Unks  or  agitators  are  coatee  with  t&ntaiun.  In  surgery, 
tantalum  is  U3ed  as  a  bone  substitute  as  ./ell  as  for  surgical  thread, 
needies  and  instruments,  i' ors  retails  on  the  utilization  of  tantalum, 
inclining  compounds  of  the  latter,  will  be  found  in  literature 

l'i,  4,  11-15/. 

1  -  O./n  Experimental  vVe  investigated  the  compaction  of  powdered 
tantclum  into  small  bars,  ths  sintering  of  the  latter  under  high 
vacuum,  tnc.  the  forming  of  the  sintered  bare  into  sheets,  bar  as  and 
wire.  For  sintering,  vacuum-sintering  bails  were  developed  lone 
laboratory  bell  and  one  full-scale  bell)  and  a  molybdenum  vacuum 
|  furnace  for  annealing.  1 


Tefal*  1  -  Cheaioal  Analysis  of  3  Gracias  of  Tantalus  Powder  in  %» 
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Tha  produotion  of  powdarec*  tantalus  which  ia  obtained  ganarally 
through  raduotion  of  potasaiuu  fluotantalata  with  sodium  etc  potassium 
or  through  electrolysis  of  tha  given  molten  salt,  was  not  undertaken. 
Tha  experiments  ware  earried  out  with  powdered  tantalum  with  a  loose 
volume  of  37  and  a  mettled  volume  of  20.5  cm3/100g.  Determined  by 
the  Blaine  method  £ 5g/,  its  speoifie  surfaoe  amounted  to  2,310  cm3/g. 
The  powder  was  worsened  with  a  me ah -width  of  0.075  on  without  residue* 
The  other  two  gredss  of  powder  had  similar  eharaoteristios  and 
differed  only  somewhat  in  regard  to  oontsnt  of  impurities  (Table  1)* 

lei  fiaaafittaa  tf  JEafrOd  XHUlMU  the  experiments,  the 
volume  weight,  the  speoifie  eleotrio  reeietsnoe  ,  the  necessary  mass 
were  determined  in  dependenoe  on  the  compacting  pressure  in  order  to 
be  able  to  oompact  here  of  5  x  5  x  100  mm3*  We  know  that  pure 
powdered  tantalum  can  be  compaoted  relatively  well.  Tha  compacting 
pressures  (4-12  ton/ cm2)  guaranty  adequate  density  of  the  oompaeted 
shapes  ao  that  wa  oan  eliminate  pre -sintering.  This  obviously  reduoas 
produotion  costs  beosuas  pre-sintering  also  takes  plsos  under  vacuum* 
Moreover,  the  high  pressure  of  compaction  also  inoressss  the  weight  of 
the  bars*  This  means  s  higher  weight  in  comparison  to  the  semi-fin¬ 
ished  produots  which  are  produced  from  a  sintered  bar* 

During  tha  experiments,  we  noted  that  the  volume  required  for 
compaction  la  almost  twice  as  grsat  whsn  we  uss  s  prsssurs  of  14 
instead  of  2  ton/cm2  (Fig*  1) .  The  bars  wars  oompeoted  in  a  two-part 
press  of  which  the  bottom  was  stationary  and  the  pressure  was  applied 
to  the  ram*  Aa  shown  in  Fig*  2,  the  volume  weight  of  the  compaoted 
bera  iaoreasea  with  increasing  pressure  of  oompaotion*  Simultaneously, 
their  eleetrloel  reeietsnoe  become j  reduced  aa  will  ba  aeen  from  Fig*  3* 
Bara  oompeoted  at  pressures  of  moors  than  3  ton. cm2  end  not  pore- sintered, 
|  oould  be  inserted  in  the  clamps  of  tha  sintering  bell  without  da— aging  t 
-their  ends* 
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weight  of  oompaoted 
bar  in  g 


specific  oonpaetion  pressure  in 
taa/mSL» 


Figure  1  -  Weights  of  Tantalum  ? carder  for  Different  Compaction 
Pressures  (5  x  5  x  100  an3)« 


volume  weight  in  g/cm3 
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specific  compaction  pressure  In 
too/om2 


Figure  2  -  Influence  of  Specific  Compaction  Pressure  on  Volume 
Weight  of  Compacted  Bars* 


Raaiatanoa  at  Coopaotad  Bara* 
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Figura  4  -  Relation  at  Compaction  Praaaura  a ad  Spatial  Voltaaa 
of  Ccapaotad  Bara. 
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If  «•  calculate  the  ratio  of  volume  weight  of  the  formed  bars 
to  the  spatial  volume  ana  enter  the  letter,  in  dependence  on  the 
pressure  of  compaction,  in  a  double-logarithmic  grid  (Fig.  4),  we  see 
that  the  pressure  equation  of  C.  igte  and  M.  Peterdlik  (17)  is  appli¬ 
cable  to  tantalum  over  a  wide  range  of  pressure.  We  may  judge  by 
the  break  in  the  curve  that  the  ratio  between  plastio  and  elastic 
deformation  changes  in  favor  of  plaatio  deformation  at  pressures  over 
5  ton/cm2.  The  slope  of  the  two  parts  of  the  curve  indicates  that  the 
powder  la  not  soft. 

-  Sintering  t  One  of  the  moat  important  prooesaes  in  the  produc¬ 
tion  of  semi -finished  tantalum  produota  by  powder-metallurgical 
methods  is  the  sintering  of  the  compacted  bars.  Sintering  of  the 
bars  is  intended  to  give  them  not  only  e  high  volume  rate  and  high 
density  through  optimum  fusion  of  the  individual  grains  but  should 
also  remove  impurities,  especially  gases,  from  the  sintered  bare 
through  the  action  of  the  high  temperature.  Optimum  removal  of  gas 
from  tantalum  can  ba  obtained  only  under  high  vaouum.  Veouum  in  sin¬ 
tering  has  two  purposes)  it  protects  the  materiel  against  the  aotion 
of  praotieally  all  the  gasee  with  which  tantalum  raaots  or  whioh  it 
absorbs  at  moderate  to  high  temperatures.  The  vacuum  must  further 
oontrlbute  to  the  removal  of  gases  already  contained  in  the  powdered 
substance  or  created  by  reaction  among  the  existing  impurities.  When 
necessary,  the  veouum  must  make  possible  the  vaporisation  of  substances 
with  a  lower  melting  point  (and/or  with  highar  vapor  pressure)  than 
tantalum.  It  ia  therefore  indloated  to  work  with  a  dinamte  vacuum, 
i.e.  to  constantly  exhaust  the  equipment  by  pumping  because,  under 
static  vaouum,  the  gases  expelled  may  again  be  absorbed  by  the  sintered 
bar  after  oooling.  Moreover,  the  vaouum  would  becoma  lower  end  lever 
in  the  oourae  of  temperature  increase  so  that  the  removal  of  the  gasee 
whioh  is  possible  only  at  high  temperatures,  might  take  place  only 
under  difficulties  or  perhaps  not  a  all  (of.  below). 

Such  rare  gasee  as  argon  end  helium  carefully  freed  of  other 
gaaaa  and  vapors  could  ba  used  as  protective  atmosphere.  They  sre 
absorbed  by  tantalum  only  very  little  and  their  presence  eauses  only 
minor  ohangae  in  the  properties  of  the  metal.  Their  purification  ia 
oomplioated,  however,  and  would  bring  about  a  further  increase  of  the 
high  costa  Inherent  in  their  utilisation.  Whan  wa  consider  the  mean 
free  distance  of  path  of  the  gas  molecules  as  a  function  of  atmospheric 
pressure,  it  also  becomes  clear  that,  when  utilising  rare  gases  aa 
protective  atmosphere,  the  removal  of  gas  from  tantalvm  would  taka 
plaoe  very  much  slower  which  would  mean  again  an  inersass  of  ooat  dus 
to  the  longer  duration  of  sintering. 
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|  1.^1  -  1 inter Inc  Installation!  V.e  first  constructed  a  laboratory 
vacuum  ball  for  tintaring  of  tantalvut  (T  ig.  5).  Tha  Installation 
consists  of  tha  aotual  ball)  the  vacuum  pump,  the  measuring  Instruments) 
ami  the  electric  current  source,  (Only  part  of  tha  transformers  can 
bs  seen  at  both  sides  of  the  pioture).  Tha  aotual  sintering  bell 
(Fig*  6)  oonsiste  of  welded  stoel  plate  with  a  water  Jacket  and  is 
provided  with  a  visual  aperture  to  -»hich  the  measuring  pipe  of  a  vacuum 
meter  is  connected.  The  bell  reste  on  t  eilver-coetec  cteel  plate 
which  conuucts  current  to  the  lower  electrode.  The  upper  electrode 
passes  through  the  base  plate,  la  isolated,  from  tha  latter,  end  cooled 
with  water.  The  lcwer  uleotrode  is  cooled  by  radiation  with  the  aid 
of  radiation  plates,  is  mobile,  end  counterv/eightcd  (Fig.  7).  An 
opening  (Fig,  7-»)  is  in  the  bc.ee  plate  for  connecting  the  vacuum 
pump.  *  vapor  condenser  has  been  placed  in  the  opening  in  T ig,  7-b, 
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7  ig,  7  t  -  Electrodea  in 
wintering  tall 


Fig.  7b-  the  same  ■  1  xh  bar 

inserted 


7he  pump  consist  of  t  single-stage  rotary  vacuum.  pwp  vrith  a 
cs  >ccity  of  m3/hr  anc  t  three-stage  oil-c  iffueion  vccuun  nvrr*  vrith 
a  ca.-rcitv  of  15C  lit/ ear. 

1*22  -  letaurement  of  Vacuum  for  ir.eatwrtB.cnt  of  vacuum.  In  the  sintered 
bell,  '«  used  f  tnenaciflectilc  vacuum  meter  of  the  type  vencxibeo  by 
",  Kix  cnu  lenlr.  /IS/.  The  tniUivoltwfcter  combined  .vith  it  has  & 
high  internal  leeittance,  the  current  was  carefully  stabilised  and  the 
heetinj  current  for  the  filament  of  tha  measuring  tube  charged.  Tuie 
enlur-ed  the  range  of  measurement  of  the  vacuum  meter  for  higher 
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and  lower  pressures.  Is  addition  to  a  larger  rang#  of  measurement, 
thia  vacuum  aatar  haa  tha  sdvsntage  of  oontisuoua  measurement  of 
vacuum* 


Tha  veouum  mater  la  calibrated  for  air  by  comparison  to  the 
ixxlioatione  of  tha  abbreviated  McLeod  mercury  's-.auua  meter*  Tha 
result  is  ah own  graphically  in  Figure  8*  In  calibrating  tha  ourve  E, 
a  U-tube  was  connected  between  the  thermoelectric  vacuum  meter  and 
the  bell*  The  walls  of  the  tnbe  were  eprayed  with  phosphorous  oxide 
aupereubllaated  under  vaouun*  The  tube  was  oooled  from  the  exterior 
by  a  mixture  of  four  parts  of  nitric  acid,  five  parts  of  ammonium 
nitrate  end  eight  parts  of  sodium  sulphate*  The  temperature  of  the 
mixture  varied  between  -31  to  -35°C*  McLeod's  vacuum  mater  was 
connected  directly  to  the  bell  and  measures  only  the  pressure  of  the 
permanent  gases*  However ,  the  vapors  of  such  liquids  as  water  and  oil 
oondenee  in  a  ocmpresaion  capillary  ao  that  they  eeoape  measurement* 
The  bell  wae  pumped  out  for  two  hours*  Tha  pump  was  then  stopped, 
atmospheric  air  was  gradually  admittad  into  the  eyetem  and  tha 
pressura  in  tha  systam  measured* 


Figure  8  •  Dependence  of  ^aaauring-Tube  Tension  of  Thermoelectric 
Vacuum  Ueter 

jtftar  termination  of  the  experiment,  the  U-tube  was  removed, 
tha  bell  left  open  for  ten  minutes,  closed  again  and  the  vaeuua 
measured  during  pumping*  The  curve  A  from  the  values  obtained  indi¬ 
cates  the  extent  to  whibh  the  McLeod  vacuum  mater  distorts  the  value 
of  the  true  vacuum,  Tha  apaoa  between  the  two  ourves  corresponds  to 
the  pressure  of  the  water  taper* 

1.23  -  liaaan*— af  T— nsratarai  Whan  cantering  a  highly  fusible 
metal  suoh  aa  tantalum,  temperature  oamnot  be  measured  with  a 
thermoelement  but  a  pyrometer  with  decreasing  filament  must  be  utilised. 


Consequently,  reacting  of  the  true  temperature  1b  difficult.  Hie 
visual  aperture  bocomes  coated  with  a  thin  film  of  the  metal,  reducing 
optloal  transparency  and  distorting  the  indication*  of  the  pyrometer. 
Moreover,  the  reflection  of  the  tantalum  surfaoe  changes  during 
centering.  For  better  understanding  of  the  explanations  balcsr,  we 
have  given  an  explanation  for  some  characteristics  of  temperature) 
tg  a  actual  teuparatura  ef  the  surface  of  the  tantalum  (°C) ; 

t  -  apparant  tempar&tura  which  would  be  measured  by  the  optical 

pyrometer  If  no  ligh t-ab sorbing  medium  existed  between  pyrometer 
and  tantalum  bar  (°C) 

t  •  temperature  measured  by  the  pyrometer  after  light  absorption 
*  through  the  visual  apartura. 

The  absorption  of  radiation  through  tha  visual  aperture  was 
determined  by  Inserting  a  similar  analogous  glass  between  the  pyro¬ 
meter  and  the  visual  aperture  at  different  temperatures.  For  given 
temperatures  of  t&,  we  thus  obtained  correction  values  corresponding 
to  absorption  radiation  of  the  visual  aperture.  By  adding 

these  values,  we  can  caloul&te  the  apparent  temperature  t2«  The  rela¬ 
tion  observed  le  represented  in  Fig,  9  (curve  A).  The  bar  was 
maintained  et  ~,400®C  for  ten  minutes,  .After  cooling,  a  clean  glass 
was  inserted  an.  the  ter  brought  again  to  ?,400°C,  Tha  temperature 
was  measured  both  only  with  tha  clean  glass  In  the  visual  aperture 
es  well  ae  with  the  one  previously  utilised  (tec  minutes  at  2,400°C) 
which  wee  inserted  between  the  pyrometer  and  the  clean  glass.  The 
correction  value  was  slightly  higher,  due  to  a  slight  soot  covering 
of  the  gless  inserted  (point  B  in  Fig.  9) • 


% 
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Apparently  absorption  In  areas#  due  to  the  radiation  on  the 
visual  aperture  at  a  sintering  duration  to  end  temperature  because  the 
(Lass  will  become  covered  by  an  Increasingly  thicker  covering  of 
impurities.  This  ooulb  be  demonstrated.  The  bar  has  melted  after 
90  minutes  if  it  v»es  kept  at  the  temperature  of  ?,400°C  aa  measured 
by  the  pyrometer.  The  temperature  measurement  b&oarae  lower,  however, 
due  to  the  greater  absorption  of  the  radiation.  The  currant  was 
consequently  increased  end  the  bar  melted  although  the  measured  tem¬ 
perature  amounted  presumably  to  *,400°C,  In  all  experiments,  we 
therefore  controlled  the  temperature  with  the  pyrometer  and  maintained 
it  at  the  eeleoted  temperature  according  to  the  current.  The  correc¬ 
tions  were  determined  with  the  glees  which  indicated  2,400°C  in  the 
visual  aperture  for  240  minutes  whan  heating  the  tantalum  bar*  After 
replacing  this  glass  in  the  visual  aperture  by  a  dean  glass,  it  was 
Inserted  between  the  pyrometor  and  the  clean  glass  at  given  measured 
temperatures  (tg)  when  heating  the  tantalum  bar.  The  dependence 
obtained  is  represented  by  ourve  C  in  Fig*  9,  It  will  be  noted 
that  absorption  by  the  contaminated  glass  is  almost  four  times  greater 
at  tj,  *  2,4000  C, 

Some  of  the  tantalum  bars  were  melted.  At  the  moment  of 
waiting,  we  oan  determined  the  difference  between  the  actual  and  the 
apparent  temperature,  if  we  knew;  the  melting  point  exactly.  The  mean 
value  of  the  apparent  temperature  was  2,638°  C,  From  the  equation 

I  _  1  A!og£# 

T,  Tt  rt  log  t  * 

4  Q 

in  which  Tg  ■  actual  melting  point  of  tantalum,  3,273  Tt  *  apparent 
welting  point  of  tantalum,  2,9U°Kj  S  ^  -  partial  radiation  ability 

at  wave  length  ^  j  oj  *  constant  of  the  Vlian  law,  14,350/u°K,  the 
partial  radiation  ability  S  ^  -  0.566  waa  calculated  on  the  assump¬ 
tion  of  constancy  (  1  -  const,  -  0,65/u)  of  the  wave  length  indica¬ 

ting  the  maximum  permeability  of  the  red  filter  of. the  optical  pyro¬ 
meter.  For  this  partial  radiation  ability,  valued  of  the  actual 
temperature  in  the  range  of  2,300-2,700°  C  of  the  apparent  temperature 
were  calculated  on  the  ae sumption  that  the  partial  radiation  ability 
is  constant  within  this  ranga.  The  difference  of  the  two  temperatures 


in  dependcnot  on  apparent  temperature  ia  represented  graphically  in 
Figure  10.  Thie  linear  dependence  ia  that  such  more  accurate,  the 
cloaer  the  temperature  ia  to  the  melting  point. 


Figure  10  -  Relation  of  True  Temperature  t  to  apparent  Temperature  t 

s  a 

(tantalum,  pertical  radiation  capability  SI  *  0.556  ■ 
const.; 

ItSL  Z  Influenoa  of  Sintering  Temperature!  For  the  sintering  experi¬ 
ments,  we  utilised  bare  of  5  x  5  x  100  nm3  compacted  at  pressures  of 
6  and  1?  ton/ cm2.  The  compacted  bare  were  not  preeintered.  In  the 
f3.rst  experimental  aeries,  a  n#»  compacted  bar  was  used  for  each 
selected  temperature.  In  the  second  experimental  aeries,  the  bar  was 
sintered  in  stages.  It  was  first  brought  to  the  lowest  selected 
temperature,  permitted  to  oool,  removed  from  the  bar,  and  its  values 
measured.  The  bar  was  then  again  inserted  in  the  bell  and  brought  to 
the  next  highest  selected  temperature  and  the  prooedure  continued 
until  reaching  the  highest  selected  temperature.  No  difference  was 
determined  between  the  two  experimental  series.  The  temperature  was 
increased  as  a  funotion  of  the  vacuum,  i.a.  only  after  the  vacuum 
meter  indicated  the  selected  value.  It  selected  temperatures,  the 
ber  was  always  heated  5  minutes. 

The  volume  weight,  the  linear  skrinkage  (length),  the  h&rdnesa 
HViq,  and  the  speoifle  electrio  resistance  wars  measured  an  the  sinter¬ 
ed  bars.  The  results  are  graphically  represented  in  Figure  11  for 
bare  compacted  at  6  ton/cm2  and  in  Fig.  i2  for  bars  compacted  at 
12  ton/cm2.  Practically,  there  was  no  difference  between  the  bars. 


j  4»ocordiQg  to  the  findings,  the  volume  weight  (after  a  slight  drop 
initially)  increases  with  increasing  sintering  temperature,  linear 
loss  also  increases  end  specific  electric  resistance  drops*  The 
trace  of  the  curve  is  customary  in  pcwder  metallurgy  for  the  indica¬ 
ted  relations  and  entirely  comprehensible*  The  dependence  of  hardness 
on  sintering  temperature  is  less  dear  because  hardness  reaches  a 
maximum  in  the  range  of  the  measured  temperatures  from  lm 800-2, ?00°  C, 
This  uepencence  obviously  is  related  closely  to  the  fact  that  tantalum 
has  the  highest  absorption  of  gas  (Getter)  st  temperatures  of  about 
1800°  C  end  looses  ths  absorbed  gases  only  above  2,200°  C  /2Q/ 
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6  ton/co2  st 
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specific  electric  resistance  in 


Figure  12  -  Sint 
diff. 


The  trio*. qf  ill  curves  egress  with  tbi  obeimtlons  of 
•ad  thi  author  £13/  aooordlng  to  which  hydrogin  ia  axpalled  in  the 
ruga  fro*  600-120C°C,  carbon  monoxide  from  1,700-2, OOO °C,  and 
nitrogen  from  1,900-2, 400 °C. 

By  sintering  a  bar  in  atagea,  it  was  poaaibla  to  datamdna  the 
weight  loaa  oraatad  by  vaporization  or  axpulaion  at  the  aubatancaa 
from  the  bar  during  aintaring.  The  finding!  for  bare  compacted  under 
pressure!  of  6  and  12  tona/ce2  from  powdered  tantalum  I  are  represented 
graphically  in  Figure  13  which  indicates  that  the  loaeea  rapidly 
inoreaae  above  1,700°C.  Theee  relatively  high  losses  cannot  be 
oaused  by  the  vaporisation  of  impurities.  In  that  case,  the  looses 
would  amount  to  about  2.4®6  which  correspond a  to  the  total  volume  of 
Utopurities  including  columbium,  decreased  by  the  volume  of  impurities 
including  niobium  remaining  in  the  sintered  bar  (of.  Table  1  and  3)4 
Mar  oen  such  high  loaeea  of  weight  occur  even  we  inolude  aleo  the 
vaporization  of  the  tantalum,  in  addition  to  the  vaporizetion  of  the 
impuritiee.  According  to  oaloulation,  £Q/  the  vaporized  volume 
abculd  be  0*0087  g  within  5  minutes  when  vaporization  ia  not  inter¬ 
fered  with  end  the  pressure  of  the  tantalum  vapors  amounts  to  10*4 
Torr  and  2,600QCj  end  should  be  about  10  times  greater  at  2,800OC. 
Because  the  losses  mount  up  to  9  the  cause  must  be  sought  in  the 
fact  that  the  fine  particles  of  tantalum  are  entrained  by  the  expelled 
impurities  or,  possibly,  that  tantalum  becomes  lost  in  the  form  of 
compounds* 

It  ia  reasonable  to  assume  entrainment  of  the  particles  of 
tantalum  because  the  sintered  bare  have  a  rough  surface  on  the  one 
hand  and  the  losses  are  smeller  in  bars  compacted  under  higher  pres¬ 
sure  on  the  other  hand  end  also  because  the  deposition  in  the  bell 
0  on  tains  predominately  tantalum  (Table  2) . 

ia£S  “  iafilMBM-flC  taati&an.  tf  filntalMl  For  these  experiments, 
the  bare  were  again  compacted  at  6  and  12  tons/ca2.  By  sintering  to 
terminal  temperature  selected  aa  2,400OC  on  the  basis  of  the  prece¬ 
ding  experiments,  the  bare  were  maintained  5-120  minutes  at  this 
tsmperature*  After  sintering,  we  determined  the  values  of  the  seme 
characteristics  ae  in  tha  preceding  experiments.  The  results  are 
represented  graphically  in  Fig.  14  and  15*  The  findings  show  that  the 
speclfie  eleotrlc  reaietsnce  drops  initially  under  continuous  exposure, 
but  remains  praotloally  oonstent  after  45  minutes.  The  oaae  la 
analogous  far  hardnees.  Ha? ever,  under  long  continued  exposure  to 
terminal  temperature,  volume  weight  and  linear  loss  increase  slightly* 
After  45  minutes,  the  value*  again  remain  practically  oonstent* 


weight  lots 


Figure  13  -  '.  eight  lota  of  sintered  bare  in  relation  to  measured 
sintering  temperature. 
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_?igura  1§  -  Influenoe  at  sin taring  duration  at  2,400%  on  tom 
properties  of  sintered  bare* 


niL  air iterea  tars  V.i  •■.■•fcrfta  into  rods  of  1,1  r.\-..  ir  biumotor 

in  i he  cold  state,  without  intermediate  annealing*  "'he;:  were  easy 
to  forge,  had  no  creofcu  a riu  ov-otlle*  Contrary  to  indications  in 

literature  (e*g*  5),  fntv  sintering  c oration  to  terminal  teiriunrature 
.ves  r.,nuh  siK.rte% 

I.  :6  -  aflal/ysls  qf  exi^suat  ^eaeai  in  the  construction  of  the 

sintered  installation,  'vo  utilised  a  cisciu-rye  tube  *iti  ^ciytaenuo 
ciecv-'ufc::  frr  the  -©lectio*.  of  leak}*;*  the  uleohai>' 

tube  nrci*'  jcu  oo;  necteu,  c*uriru;  sintering,  oet-vee^  the  c. affusion  cj**i 
in  c  •  ■  u t :.*y  v  a o  •  t o m  >  ( T '  i  -/ .  1 1  j «  i  t  -  t.  o  sh  o -v  n  tft *  t  v  t\ *  o  c Xor  of 
o  l sen//  *<?  ah«n£©n  from  ink  to  blue  onu  ; '  to  r  fro-;  Hue  to  r^c,  ish 
rirrjo,  unjtfndi'o  on  the  tyoe  of  gas*  From  **  tl.ermodyneRiiC!  x ,i3  turret* 
t .Unif  confirmed  /  irritably  through  qualitative  analysis  of  th« 
^xuxustx,  gase^,  .ct  eypet  m  that  1  tvcro;>n,  canon  'vjao  .foe  nnu  a,  u<> 
gen  ;*.«•&  involved*  ;*  specially  oeelgned  *.  i»ch?.rge  tube  *'ins  conoeet*s* 
bet  •••  een  t  r  ot  a  ry  ana  th*  a  if '  >  xi  or .  v  s  o. \i\ un  pnmr:  ♦  Tb  u  e  e  ct,  f  •&  of  the 
gases  .ere  photcf/on pha3. ,  at  uifHrent  temperature.:*  ox  the 
fcinVfei;  b:  r,  *o.  norm,  of  the  „  ct:ro  ,rap)u  ir>v:er  ^nStuoqou^  cunc  M  ions/, 
s  ectn  of  aif4*erent  piire  g  uar  mx  voporo  ^ere  obt'droa*  Comparison 
of  i!  c  }*ntos  ddeh  .»f-re  cifi  l/oated  with  oxcry  Hr o/oa, 
qua.lit'  H^t-ly  fyx*  .vhi  eh  '-ix  .  \rivy  $.4  of  tnntaJLm* 
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Figure  17  chew  a  the  diagram  of  an  installation  of  glass  con¬ 
sisting  of  a  discharge  tube  Jl  with  molybdenum  electrodes  a  and  b, 
measuring  tube  of  the  thermoelectric  vaouum  meter  C,  the  reaction 
retorts  B,  D,  H  ant  the  stop-cooka  E,  F,  G.  The  installation  serves 
to  produce  pure  gases  from  absolute  reactions,  for  purposes  of  compari¬ 
son.  The  gases  drawn  from  the  'call  with  the  diffusion  vacuum  pump 
are  dried  and  their  pressure  is  regulated  ao  that  the  spectra  can  be 
determined  under  analogous  conditions.  For  these  experiments,  we 
utilized  the  "apektral-bax'*  of  the  Fueas  Company  which  also  permits 
visual  observation,  flith  the  aid  of  a  lateral  objective,  the  compari¬ 
son  spectrum  of  mercury  was  photographed  (mercury  lamp) .  It  waa 
experimentally  confirmed  that,  during  sintering  of  tantalum,  hydrogen, 
carbon  monoxide  end  nitrogen  are  dissolved  in  the  following  tempera¬ 
ture  rangeei  Hydrogen,  t  a  600-1, 217°C)  carbon  monoxide,  t  -  1,726- 

*  8 

2,029°Cj  nitrogen,  t^  -  1, 928-2 ,A320C.  Detailed  data  on  spectrum 
analysis  of  the  exhausted  gases  will  be  found  in 

1.27  -  Increase  of  Temperature  during  Sintering i  In  order  to  determine 
optimum  increase  of  temperature  during  sintering,  experiments  were 
carried  out.  In  the  first  experimental  seriae,  temperature  was 
increased  in  different  intervals  of  time,  e.g.  by  100 °C  every  tan 
minutes  or  every  five  minutes.  In  both  casaa,  vacuum  during  sintering 
was  adequate  (5  x  10“^  Torr) ,  i.e.  the  pump  was  oapabls  of  exhausting 
the^ases  at  each  stage.  However,  when  increasing  tea;>er8ture  by 
100  u  every  2.5  minutee,  it  waa  shown  that  the  epeed  of  increase  was 
too  high  in  the  range  from  1,700-1, 200°C  end  manifested  itself  by  an 
inadequate  vaouum  (Fig.  18).  In  the  range  from  1, 200-1, 600°C,  the 
speed  of  increase  waa  too  low  on  the  other  hand.  This  shews  that  it  is 
not  advantageous  to  increase  the  temperature  uniformly  in  proportion 
to  time. 

If  the  temperature  was  raised  after  a  previously  determined 
vacuum  (minimum  10*3  Torr) ,  it  waa  possible  to  accurately  determine 
the  end  of  degassing  in  the  different  einterlng  stages  which  were 
noted  with  the  aid  of  spectrum  analysis  of  the  exhausted  gases.  This 
prevented  ua  from  obtaining  unnecessarily  low  temperatures  in  the 
ranges  in  which  degassing  did  not  oocur  or  was  already  terminated. 

The  econcmie  advantages  of  the  method  era  apparent.  It  was  shown 
further  that  it  is  not  necessary  to  maintain  a  high  vacuum  (minimum 
10*3  Torr)  during  the  entire  prooeas  of  sintering.  It  is  sufficient 
to  exhaust  the  Installation  only  with  the  rotary  vtcuum  pump,  to 
admit  the  current,  and  to  begin  simultaneously  to  warm  up  the  diffu¬ 
sion  vaouum  pump.  After  dissolution  of  the  moisture,  primarily  the 


j  hydrogen,  the  vacuum  drops*  The  greater  pert  of  the  hydrogen  ie  j 

removed  by  the  rotary  vacuum  pump  and  the  remainder,  at  about  1,000°G, 
with  the  diffusion  vacuum  pump  which  has  wanned  up  in  the  meantime* 

The  vacuum  then  increases  from  1  x  10*3  Terr  to  5  x  10*4  Torr  and 
must  be  maintained  at  that  point  until  sintering  is  ocnpleted  (Fig.  19). 
This  method  of  sintering  is  a  guaranty  for  aconomic  operation  and 
uniform  characteristics  of  the  bars. 


Figure  18  -  Pressure  change  et  uniform  temperature  increase 
(100°C/?,5  min) . ’ 
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preaaure  in  Torr 
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measured  sintering  temperature  in  °C 
Figure  19  -  temperature  increese  in  relation  to  vacuum  vLi&gr;  -) 


Figure  50  -  icroetrucvu'e  of  wintered  Let,  etched  rF  /  :i'f  ?0G»1* 

The  volume  v-eight  of  the  sintered  here  per  100  bars  ley 
between  15,0-15.5  g/cm3«  specific  electric  resistance  betveen  0,15  end 
0,18  -ihm/itr'2/T;  i,n\  bareness  between  70-80  MV.,.  The  structure  of  t. 

siriuered  bar  will  be  seen  in  '■  ig,  ?0,  The  lattice  conatent  hac  a  mean 
value  of  3,599  /  /  -  0,005  £  in  limits  from  3,294  to  3,304  ° 

(Cult  reya,  reflection,  4II),  -itheut  nnrealing,  we  rclj.su  from  the 

ft 

!  sintered  bars  sheets  of  0.  LO  :w  including  foil  of  i?/u  ana  arew  -ire 


Ia2j  “  gBllsggftlt  luam  lattaUlUaB*  On  the  basis  Of  the  experience 
gained,  operational  sintering  belle  were  designed  and  e  diagram  of 
one  of  the  latter  ie  shown  in  Fig.  21. ,  Here  both  electrodes  are 
waterproof  because  otherwise  the  radiation  panels  end  foil  bundles 
utilized  in  laboratory  equipment  would  form  far  too  large  a  surface 
in  the  bell  which  would  be  unfavorable  from  the  point  of  view  of  the 
vacuum.  Furthermore,  the  dimensions  of  the  bell  would  become  too 
large.  The  lower  el-eetfode  Is  designed  ae  a  horizontal  lower, 
pivots  around  its  axle  and  is  srrsngsd  outside  of  the  vacuum  apace* 

The  lever  is  sealed  against  leakage  by  e  flexible  metal  hose.  Elec¬ 
tric  current  ie  supplied  by  a  bundle  of  oopper  foil.  The  electrode 
has  an  adjustable  counterweight* 

The  bell  itaelf  is  constructed  of  welded  sheet  aluminum  and 
consists  of  two  parte  with  water  jackets.  The  upper  part  can  be 
raised  by  means  of  an  electrio  motor.  It  is  provided  with  a  tube 
and  a  quartz  window  whloh  ia  protected  against  contamination  by 
eoot  and  against  radiation  by  a  metal  mask  which  ie  operated  from  the 
exterior  by  a  magnet*  The  exhaust  line  of  the  diffusion  vacuum  pump 
la  welded  to  the  lower  part  with  a  condenser  conns o ted  in  the  line 
between  bell  and  condenser,  k  tap  for  the  meeeuring  tube  ef  the 
vacuum  meter  is  also  provided*  The  closure  consists  of  e  plate 
through  which  the  upper  electrode  projects* 

The  pumping  devioe  consists  of  a  four -stage  diffusion  vacuum 
pump  with  a  oapaclty  of  1,000  lit,  a  rotary  vacuum  pump  with  a 
capacity  of  30  m2fh  and  a  vaouum  stop  valve  in  the  range  of  the  low 
vacuum.  The  entire  installation  (except  the  top  pert  of  the  bell)  is 
enclosed  in  the  same  housing  and  ell  devices  are  operated  from  the 
exterior  (fig*  22)* 

2  -  Forming  of  Sintered  Barer  .(hen  the  sintered  tantalum  is  adequately 
free  of  gee  end  impurities,  it  becomes  ductile  i.e.  further  processing 
poses  no  particular  difficulties*  To  a  certain  extent,  this  compen¬ 
sates  for  the  difficulties  of  sintering  under  high  vacuum.  On  the 
basis  of  different  characteristics,  it  is  possible  to  judge  the 
ductility  of  the  metal  after  it  has  been  sintered.  If  the  specific 
eleotrlo  resistance  of  0.30  0hm/mm2/m  is  exoeeded,  this  Is  due  either 
to  unsatisfactory  sintering  or  the  presence  of  impurities.  It  ie 
therefore  neoeesary  to  determine  the  volume  weight  of  the  bar)  if 
this  exceeds  14.5  g/o»3  (Fig.  23),  the  high  value  of  specif io  eleotric 
resietenoe  is  most  probably  caused  by  impurities.  This  can  be 
checked  by  measurement  of  hardness  whloh  should  not  exoeed  100  units 
HVj£  for  satisfactorily  malleable  sintered  bare* 
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a11  types  of  forming  operations  take  place  at  normal  tempera¬ 
ture,  as  already  mentioned,  the  sintered  bars  can  be  formed  without 
annealing.  However,  it  ie  customary  in  practice  to  carry  out  inter¬ 
mediate  annealing,  also  designated  as  re-eintering  because  it  is 
performed  unaer  the  same  conditions  as  sintering.  Such  :e -sintering 
ia  advantageous  because  eventual  residual  gases  are  removed  and 
bucause  it  saves  wear  end  tsar  on  the  forming  machines  and/or  the 
parts  directly  involved  in  forming,  Forming  operations  pursue  two 
pur pose si 

a]  to  eliminate  the  remaining  pores  (about  10£)  in  the  preliminary 
stajse  (together  with  re- sintering) j 

b]  to  give  the  desired  form  to  the  material  during  the  further 
stages  of  the  forming  operation, 

7 or  experimental  production  of  sheets,  the  non-sintered  ends 
wore  cut  off |  the  bars  were  then  formed  into  flat  shapes  and  subse¬ 
quently  re-sintered  for  30  minutes  at  ?,400°C  in  a  vacuum  higher 
than  10*2  Torr.  Vie  experimented  with  flattening  these  sintered  bers 
w;.th  a  compressed-air  hammer,  in  a  power  press,  or  in  a  rolling  mill, 

forming  with  the  compressed-air  hammer  ia  the  least  advantageous 
because  the  material  receives  uneven  edges  which  must  bo  cut  off,  thus 
causing  increased  waste,  ** orning  of  the  btrs  in  e  hydraulic  press  is 
mere  advantageous  because  the  tars  are  formed  with  perfectly  straight 
edges,  only  a  little  narrower  at  the  ends,  -ince  they  cannot  be 
formed  to  the  original  length  because  the  nor.-eintered  ends  were 
removed,  it  ia  necessary  to  change  the  electrode  gap  curing  re-einter- 
i»:g  enc  to  utilize  high  s.  ecific  pressures  (about  :h  ton/cn?  for  a 
degree  cf  forming  of  40-507j)  .  The  bar  can  also  ba  rolledj  the  edges 
are  straight  up  to  the  ends  ano  with  the  pass  reduction  of  45  to  50‘, 
we  cgaln  obtein  the  original  length  for  the  flat  bar,  be., -ever,  in 
this  case  the  width  (enlargement)  is  lew.  It  is  therefore  advantageous 
to  stamp  flat  bars  for  sheets. 

Through  forming,  volume  weight,  hardness,  end  specific  electric 
resistance  inorease  proportional  to  the  degree  of  forming,  Annealing 
further  inoreases  volume  weight  but  hardness  end  specific  electric 
resistance  crop.  The  degree  of  forming  has  no  basic  influence  cn  the 
quality  of  the  sintered  bars  nor  on  ths  o.uality  of  the  sheets  produced 
from  them  in  whioh  only  the  tensile  strength  is  somewhat  increased 
with  increasing  degree  of  forming, 

The  annealed  and  flattened  bars  ^sre  cola-rolled  with  a 
decrease  in  height  per  pass  of  4-3*>,  depending  on  the  width  of  the 


material  and  the  rolling  equipment  utilised.  The  amount  of  pass 
reduction  can  be  selected  in  proportion  to  width  of  the  material, 
even  in  a  low-powered  rolling  installation.  During  rolling,  the 
sheets  are  lubricated  with  light  mineral  oil  but  thin  sheets  and 
sheets  during  the  final  pass  are  lubricated  with  linseed  oil,  Narrow 
bands  from  wires  or  forged  rods  are  advantageous  for  rolling  because 
the  edges  beoome  perfectly  smooth. 

For  the  experimental  production  of  wire,  the  non-sintered 
ends  v/ere  removed  and  the  bars  were  forged  into  rods  in  the  cold 
state.  The  decrease  in  croas-seotion,  related  to  one  hammer  jaw,  was 
up  to  48%  during  the  experiments  but  it  .-/as  then  difficult  to  feed  the 
bar  to  be  forged  into  the  hammering  machine.  We  therefore  used 
graduated  jews  so  that  a  decrease  of  cross  section,  related  to  one 
jaw,  of  16-20%  resulted  for  an  average  hammering  machine  end  of 
20-30%  for  a  continuous  (small)  hammering  machine*  The  hampered 
bars  were  annealed  et  a  total  ceores.se  of  cross  section  of  about 
4C%  cs  described  above.  Generally  of  a  ciameter  of  1,?  mm,  tha 
hammered  bars  were  then  drawn  out  to  a  diameter  of  0,02  mm  in  metal 
cies  or  to  a  diameter  of  0,150  mm  with  diamond  dies,  without  re-sinter¬ 
ing.  Decrease  of  cross  section  in  one  drew  amounted  to  about  11,5% 
with  metal  diea  end  6%  with  diamond  cits, 

VJire  drawing  is  much  more  difficult  than  rolling  of  sheets. 
Tantalum  easily  adheres  to  the  drawing  dies  and  ia  difficult  to 
lubricate.  Because  of  the  very  minor  deneification  by  drawing,  the 
letter  oust  be  restricted  to  short  stretches.  In  order  to  mske  the 
lubricant  adhere  to  the  tantalum  wire,  it  ia  absolutely  necessary  to 
oxidize  the  wire  surface.  This  can  be  done  by  a  short  interval  of 
heating  et  500-600°C  in  the  air  or  preferably  by  anodic  oxidation  in 
l-%  sulphuric  acid  or  sodium- sulphate  solution.  The  most  suitable 
color  of  the  oxide  film  is  purple  steel-blue,  *>'ith  thicker  wires,  it 
ia  advantageous  to  re-oxidize  after  each  draw  and,  for  thinner  wire, 
after  two  or  three  draws,  tfhen  using  diamond  dies,  the  residual  oxide 
coating  after  drawing  with  metal  dies  la  sufficient  for  nine  diamond 
dies.  Suitable  lubricants  ere  beeswax,  an  emulsion  of  tallow  and  soap, 
coll  old si  graphite  (relatively  unsuitable) ,  or  an  emulsion  of  tailor 
and  soap  with  tha  addition  of  col  oldal  graphite  and  turpentine,  3e 
tested  all  these  lubricants  and  all  ware  satisfactory,  except  colloidal 
graphite.  Because  the  tests  v/ere  carried  out  under  aerai-operational 
conditions,  it  was  not  yet  possible  to  determine  which  of  these  lubri¬ 
cants  bast  preaervsa  tha  drawing  diss, 

3  -  .'sate  Recovery  i  In  the  manufacture  of  send -finished  products, 
waste  occurs.  Since  the  latter  ia  generally  ductile,  it  cannot  be 


r 

simply  orushsd  end  ground  to  powder  and  must  first  be  made  brittle* 
Tantalum  is  therefore  exposed  to  hydrogen  at  increased  temperature* 
Hydrogen  dissolves  in  the  tantalum  end  the  latter  becomes  brittle  a id 
friable*  Whether  this  produces  tantalum  hydride,  has  not  yet  been 
definitely  determined* 

For  the  hydrogenation  of  the  tantalum  waste,  electrolytic 
hydrogen  was  purified  in  the  customary  manner  and  brought  in  contact 
with  a  titanium  sponge  heated  to  800-S50°Cj  it  then  entered  the  stove 
pipe  (autoclave?)  with  the  tantalum  waste  which  had  been  heated  to 
450°C,  The  waste  was  oooled  after  3  hours,  removed  from  the  auto¬ 
clave,  orushed  and  ground  in  a  ball  mill*  The  resulting  powder  was 
leached  with  bydroeblorio  sold  to  remove  iron  (from  friction  in  the 
mill)  and,  washed  first  with  water  and  then  with  methyl  alcohol*  The 
washed  powder  was  dried  under  vacuum  at  60°Cj  it  contained  0 
hydrogen,  and  x-raye  shewed  no  other  structural  component*  The 
lattice  was  very  extensive  and  had  a  constant  of  3  >411  /  /  -  0.002 

The  hydrogenated  tantalum  poeder  was  mixed  with  fresh  powder, 
compacted  into  bars  sintered  by  standard  prooedure  and  processed  into 
sheet  or  wire.  The  semi -finished  products  were  excellent.  Unless  the 
mixture  contained  more  than  5056  of  regenerated  powder,  no  difficulties 
were  encountered*  However,  difficulties  already  began  when  oompaeting 
the  mixture  with  e  higher  percentage  of  regenerated  powder.  Hire 
produced  from  such  a  mixture  cracked. 

k  r  fif  SmHflalahOg  IlffUlm  £SS6Mbii  Experimentally 

observed  properties  had  the  foil  caring  average  values  t 
ll  aintirifl  Jtof  Volume  weight,  15.2  g/oo3}  specific  electric 
resistance,  0.131  hardness,  82  HViqJ  tensile  strength, 

55  kg/mm2|  elongation  to  rupture,  1.7  %* 

fe),  Annnloti  aafl  fargri  Btrn  ffiftiinVirinf)»  volume  weight,  16.55 

g/cm3)  specific  sleotric  resistsnoe,  0.147  Oha/mrn?/*}  tensile  strength, 
36  kg/mm2|  elongation  to  rupture,  32  %» 

e)  .!aryd  Non’R**lBt#r<>d  E*ra-  imi  Ml  Volume  weight, 

16.66  g/ca3j  specific  sleotric  resistance,  0.155  0hay*m2/mj  tensile 
strength,  78  kg/mm2j  elongation  to  rupture,  2.4  %• 

Forged  and  Realntered  Btte.  Die.  1.2  mi  Speoifio  electric  resis¬ 
tance,  0.140  0hm/«2/m{  tensile  strength,  38  kg/mm2j  elongation  to 
rupture,  12  %» 

n.o  (The  samples  were  taken  in  the 
direction  of  rolling)  speoifio  eleotrlo  resistance,  0*175  Otu0uA/&j 
tensile  strength,  93  kg/an2)  elongation  to  rupture,  1*5  %i  Sriehsen 
(sheet-natal  ductility)  test,  1,13  ■*« 


1 


The  listing  shows  that  the  experimentally  obtained  values 
corresponds  to  those  in&icatod  in  literature* 

Condi  si  on  i  The  possibilities  for  producing  and  utilizing  parte  of 
tantalum  and  a  powder -metallurgical  prooese  are  described  in  detail. 
The  degree  of  compacting  pressure  for  tantalum  bare  of  finely  uivided 
tantalum  metal  powder  has  a  high  influence  on  the  properties  of  the 
compacted  berg.  The  latter  ere  sintered  uncer  high  vacuum  by  direct 
conduction  of  current  without  ore sintering,  retailed  investigations 
concern  the  influence  of  sintering  temperature  end  duration  on  the 
properties  of  the  superaintered  bars  and  their  loss  of  weight  and 
indicete  different  procedures  for  increasing  sintering  temperature, 
Measurement  of  temperature  and  of  vaouum  ac  well  as  spectrum  analysis 
of  the  expelled  gases  are  important,  Experiments  of  forming  super- 
sintered  bars  by  flat  forging,  pressing  and  rolling  together  Tilth 
rourr  -for.-  ing  and  drawing  give  an  eppreciotion  of  finish-processing 
possibilities.  Experiments  with  tantalum  waste  reocvery  are  partic¬ 
ular!;:  significant.  The  properties  of  experimentally  obtained 
oroaucts  are  given, 

dumtaervi  The  report  deecrlLc-e  the  euthor’s  experimental  compaction 
of  powdered  tantalum,  sintering,  sintering  installation,  vacuum 
measurement,  temperature  measurement,  inf  Irenes  of  sintering  tempera¬ 
ture  or. &  miration,  spectrum  analysis  of  exhaust  gases,  increase  cf 
tern  -ercture  during  sintering,  full-scale  vacuum  installation,  working 
of  sintered  bars,  waste  recovery;  some  properties  cf  sewi -finished 
tantalum  products. 
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